Cadmium impairs protein folding in the endoplasmic reticulum and induces the unfolded protein response.
Cellular exposure to cadmium is known to strongly induce the unfolded protein response (UPR), which suggests that the endoplasmic reticulum (ER) is preferentially damaged by cadmium. According to recent reports, the UPR is induced both dependent on and independently of accumulation of unfolded proteins in the ER. In order to understand the toxic mechanism of cadmium, here we investigated how cadmium exposure leads to Ire1 activation, which triggers the UPR, using yeast Saccharomyces cerevisiae as a model organism. Cadmium poorly induced the UPR when Ire1 carried a mutation that impairs its ability to recognize unfolded proteins. Ire1 activation by cadmium was also attenuated by the chemical chaperone 4-phenylbutyrate. Cadmium caused sedimentation of BiP, the molecular chaperone in the ER, which suggests the ER accumulation of unfolded proteins. A green fluorescent protein-based reporter assay also indicated that cadmium damages the oxidative protein folding in the ER. We also found that an excess concentration of extracellular calcium attenuates the Ire1 activation by cadmium. Taken together, we propose that cadmium exposure leads to the UPR induction through impairment of protein folding in the ER.